Background: As the population ages, an increasing number of acute medical patients will be older and have comorbidities that may interact with their primary admission condition and worsen their prognosis. Objectives: To examine whether 6-month mortality following acute medical admission was associated with gender, age, or comorbidity. Methods: We used the Danish National Patient Registry, covering all Danish hospitals, to identify all acute medical admissions to Aarhus University Hospital during 2008 and comorbidities. We obtained mortality data from the Danish Civil Registration System. We computed mortality risks and hazard ratios with 95% confidence intervals (CIs) for gender, age, and comorbidity groups. Results: We identified 3,727 patients (53.6% women) with a median age of 63 years for women and 60 years for men. The overall 6-month mortality rate was 12.8%. The adjusted hazard ratio was 2.77 (95% CI, 2.11-3.64) for patients aged 65-80 years and 5.25 (95% CI, 4.06-6.80) for patients older than 80 years, compared with patients younger than 65 years. The adjusted hazard ratio was 2.43 (95% CI, 1.82-3.24) and 3.87 (95% CI, 2.91-5.15) for patients with moderate and high comorbidity, respectively, compared with low comorbidity. Conclusion: Age and comorbidity were important predictors of mortality after acute medical admission.
Introduction
The aging population and the increasing prevalence of chronic conditions present major public health challenges. 1, 2 The western population aged 65 years and older is projected to increase from approximately 15% in 2010 to 25% by 2040. 1, 3 The most rapid growth will occur in age groups older than 80 years. 1 Approximately 45% of the general population and 88% of the population older than 65 years have at least one chronic disease. 2 The vast majority of western health-care expenditures are already related to treatment of chronic conditions. 4 The increasing proportion of elderly people is expected to increase the general need for hospitalization. 2 Moreover, these hospitalizations will involve patients with comorbidities along with their primary admission condition. Thus, the future burden of comorbidity requiring medical attention will further increase health-care expenditures. 1, 2 Identifying prognostic factors for acute medical diseases is essential in the planning of health-care needs, evaluation of effectiveness of hospital care, and prevention of posthospital death. Previous studies of acute medical patients' prognoses have focused entirely on the index condition. 5 Therefore, we conducted a feasibility study to examine the 6-month mortality following acute medical admission in Denmark and whether it was associated with gender, age, or comorbidity level. Furthermore, we aimed at describing the potential of the present study design for prognostic research on patients who were admitted acutely to internal medical departments.
Methods Setting
We conducted this population-based cohort study in the Aarhus city area (population, 300,000) using data from Danish National Registries. The Danish National Health Service provides universal tax-supported health care, guaranteeing unfettered access to general practitioners and hospitals, and partial reimbursement for prescribed medications. Unambiguous linkage between all Danish registries is possible using the unique 10-digit central personal registry number assigned to each Danish citizen at birth and to residents upon immigration. 6 
Patients
The Danish National Patient Registry (DNPR) covers all Danish hospitals and contains data on the admitting departments, admission priorities, dates of admission and discharge, and all primary and secondary discharge diagnoses from nonpsychiatric hospitals since 1977 and from emergency room and outpatient clinic visits since 1995. 7 Each discharge is associated with 1 primary diagnosis and 1 or more secondary diagnoses classified according to the International Classification of Diseases, Eighth Revision (ICD-8) until the end of 1993 and, thereafter, International Classification of Diseases, Tenth Revision (ICD-10). 7 We were interested in identifying medical patients only, distinct from surgical or psychiatric patients. All patients admitted to a medical admission unit (MAU) in Denmark are registered with a unique department code at the time of arrival, independently of later transfers to other departments. Using the DNPR, we identified patients with a first-ever acute admission to the MAU at Aarhus University Hospital, Nørrebrogade (code: 7003.071), between January 1, 2008, and December 31, 2008. This unit provides acute medical care for half of the Aarhus city population. The residence address determines to which hospital patients are referred. Codes for admission priorities registered independently in the DNPR confirmed that all patients identified were admitted acutely (code: ATA1). We defined the primary admission condition as the index condition and the date of admission as the index date. Per protocol, we excluded patients with a pregnancy-related index condition (n = 0), patients younger than 18 years (n = 83), and patients with missing records of vital statistics (primarily non-Danish citizens; n = 23). All types of medical patients are admitted to the MAU except patients with acute myocardial infarction or stroke, who are directly admitted to specialized departments. Patient admissions last until transfer to another hospital department, discharge, or in-hospital death.
Mortality
We obtained all-cause mortality from the Danish Civil Registration System. 8 This registry is updated daily and contains vital statistics -including date of birth, change of address, date of emigration, and exact date of death -on the Danish population since 1968. 8 
Comorbidity
We searched the DNPR for inpatient and outpatient diagnoses for patient comorbidities before the index date. 9 We categorized patients' comorbidity burden using Charlson comorbidity index (CCI). 10 The CCI is a validated method of classifying comorbidity to predict short-term and longterm mortality taking into consideration both the number and seriousness of diseases. [11] [12] [13] In the CCI, a number of conditions are assigned weights of 1, 2, 3, or 6. The weights are allocated as follows: 1 -myocardial infarction, congestive heart failure, peripheral vascular disease, stroke, dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, mild liver disease, or diabetes mellitus; 2 -hemiplegia, moderate or severe renal disease, diabetes with complications, any tumor, leukemia, or lymphoma; 3 -moderate to severe liver disease; 6 -metastatic solid tumor or AIDS. The Charlson index score is the total of the assigned weights, and thus represents a measure of the overall comorbidity burden. 10 Three levels of comorbidity were defined based on Charlson index scores of 0 (low), 1-2 (moderate), and 3 or more (high). 14 The ICD codes for each of the conditions included in the CCI are provided in the Appendix.
Statistical analysis
We characterized the patients according to gender, age, comorbidity, and index condition. Patients were followed from index date until the date of death, emigration, or completion of 6 months of follow-up, whichever came first.
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Mortality following acute medical admission Using the Kaplan-Meier estimator, we plotted a 6-month overall mortality curve and calculated the cumulative 1-, 3-, and 6-month mortality risks, overall and stratified on gender, age, and comorbidity groups. The covariates eligible for inclusion in the model as potential confounders were gender, age as a continuous variable, and comorbidity level. Using the average covariate method, 15 we adjusted the mortality curves for these covariates.
Using Cox proportional hazards regression model, we calculated mortality hazard ratios (HRs) with 95% confidence intervals (CIs) comparing mortality rates within gender, age, and comorbidity groups. For each group, the category with the lowest mortality rate was set as reference, ie, female gender, age 18-64 years, and low comorbidity level, respectively. To examine any interaction between covariates, we performed stratified analyses on all 3 covariates. In the overall analysis, we adjusted for the other 2 covariates. In the stratified analysis, we adjusted for the remaining covariate only, except within age strata where additional adjustment for age as a continuous variable was made to reduce residual confounding. Analyses were performed using Statistical Analysis System (SAS) version 9.2 (SAS Institute Inc, Cary, North Carolina, USA).
Results
Patient characteristics
We identified 3,727 adult patients with a first-ever acute hospital admission during 2008 to the MAU at Aarhus University Hospital, Nørrebrogade. Patient characteristics are presented in Table 1 . Slightly more than half of these patients were female (53.6%). At index date, 2,045 (54.9%) patients were younger than 65 years, 886 (23.8%) were aged between 65 and 80 years, and 796 (21.4%) were older than 80 years. The female patients were slightly older (median age, 63 years) than the male patients (median age, 60 years). The comorbidity level was low for 1,624 (43.6%) patients, moderate for 1,241 (33.3%) patients, and high for 862 (23.1%) patients. The frequency and proportion of index conditions according to major ICD-10 groups are presented in Table 2 and Figure 1 . A surprisingly large proportion (17.9%) of the admitting causes were, rather imprecisely, coded as "factors influencing health status and contact with health services" (Z00-Z99), of which 84.9% were "medical observation and evaluation for suspected diseases and conditions" (Z03). The most frequent single cause of admission to the MAU was disease of the respiratory system.
Cumulative mortality
The cumulative mortalities are presented in Table 3 and Figures 2-5. The overall unadjusted mortality was 5.7% after 1 month, 9.5% after 3 months, and 12.8% after 6 months ( Figure 2 ). Men had a slightly higher adjusted mortality compared with women ( Figure 3 ). Patients younger than 65 years had a lower 1-, 3-, and 6-month adjusted mortality (0.9%, 1.6%, and 2.3%, respectively) compared with those aged 65-80 years (6.8%, 10.7%, and 16.1%, respectively) and with those older than 80 years (13.2%, 22.3%, and 28.4%, respectively). Similarly, patients with a low comorbidity level had a reduced 1-, 3-, and 6-month adjusted mortality (1.0%, 1.5%, and 2.1%, respectively) compared with those with moderate comorbidity level (4.2%, 7.2%, and 10.1%, respectively) and with those with high comorbidity level (10.8%, 18.6%, and 24.8%, respectively). 
Discussion
In this population-based cohort study, age and comorbidity level were important predictors of 1-, 3-, and 6-month mortality following acute admission to the MAU at Aarhus University Hospital, Nørrebrogade. Furthermore, age and comorbidity seemed to modify the effect of each other. Thus, the prognostic effect of comorbidity level decreased with increasing age, and vice versa. Thus, a high comorbidity level increases mortality rates relatively more in young patients than old patients, which may be due to the fact that old age itself increases mortality rates substantially.
Although not substantial, male gender may also be a predictor of mortality. This feasibility study is the first to examine the 6-month mortality after acute admission to a MAU in a Scandinavian population-based setting. The design presented has not previously been described in Denmark for patients admitted to a MAU and may therefore be used in future studies on the prevalence and course of acute medical diseases and on prognostic factors for different outcomes of interest.
Comorbidity was a major prognostic factor in our study. Because the population is aging, it is expected that an increasing proportion of acutely hospitalized medical patients will present with more comorbidity in the future. It is therefore important to identify prognostic comorbid conditions associated with acute medical diseases to plan health-care needs, evaluate effectiveness of hospital care, and prevent posthospital death. To examine whether comorbid diseases and index conditions interact with one another to increase mortality (beyond their independent effects alone), future studies should include a comparison cohort from the general population matched on gender and age and calculate the comorbidity level for members of this comparison cohort also.
Several issues should be considered when interpreting our results. Our population-based design within a tax-supported universal health-care system with complete, independently and prospectively recorded medical history reduced the risk of referral, diagnostic, and information biases. 16 The department registration procedure in the DNPR made it possible to identify hospital admissions for acute medical conditions 17 as well as all in-hospital mortality. A limitation was that we were not able to include patients with acute myocardial infarction or stroke. The fact that 1 in 6 index conditions were imprecisely coded as "medical observation and evaluation for suspected diseases and conditions" does not affect the present study but suggest that some index conditions are underreported in the DNPR. b Three levels of comorbidity were defined based on Charlson index scores of 0 (low), 1-2 (moderate), and 3 or more (high). 
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It is possible that confounding by unmeasured variables, such as former or current use of tobacco, alcohol, and medications, and biochemical markers, influenced our results. Future studies should, if possible, include such variables 18, 19 and furthermore differentiate between index conditions because risk factors, prognostic factors, and survival probabilities vary among these conditions. Comparing mortality following acute medical conditions for different time periods may also add evidence on the effectiveness of newer treatment regimens. Moreover, comparing whether short-term or long-term mortality depends on the admission time during the day and week may challenge the internal organization of health-care systems. Other important outcome measures include length of stay, hospital acquired infections, venous thromboembolism, readmission rates, cause-specific mortality, and in-hospital mortality.
In conclusion, age and comorbidity were important predictors of mortality after acute medical admission.
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